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1 INTRODUCTION
1.1 Purpose

Thig report discusses the rcsults from surface soil sampling in the area souwth of the
guarry, including Vicinity Properiy-9 (VP). The sampling was performed by Weldon Spring
Site Remedial Action Project (WSSRAP) personnel on January 11 and 12, 1994,

As shown on Figure 1-1, the study area was divided into 14 sample areas. Each area
was 200 ft across and extended from the Katy Trail to the Femnme Osage Siough, Ninc random
samples were taken and composited trom each of the 14 areas. The intervals sampled were from
the surface to 6 in. in depth.

1.2  Scope of Work

Thiz repori provides the results of surface soil sampling which took place January 11 and
12, 1994, in the arca south of the Katy Trail and nerth of the Femme Osage Slough near the
Weldon Spring Quarry. This investigation is part of the Quarry Residuals Operable Unit
{QROU} characterization and was performed as described in the Quarry Residuals Sampling Plon
{Ref. 1).

1.3  Background

The Weldon Spring Quarry was used as a disposal area by the Army and the Atomic
Energy Commission (AEC) in the 1940s, 30s and 60s for wastes contaminated with
nilrparcmatics, radionuclides, and other chemical contaminants. In 1957, the site was identified
as requiring remediation according to the guidelines in the Comprefiensive Emvironmenial
Response, Compensation, and Liabifiry Act {CERCLA) and added to the National Priority List
{NPL).

In 1990, a Record of Decision (ROD) (Rel. 2} was signed between the Environmental
Protection Agency (EPA) and the Department of Energy {DOE) requiring the bulk wastes to be
removed from the quarry and transperted to the Weldon Spring Chemical Plant and stored there

DHOEMORM 21548463, Rev. ] ]_
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SURFACE 50OIL ANALYTICAL RESULTS FOR THE VICIMITY PROPERTY 2 AREA Oadsa4

pending final disposal. At that tine, it was determined that an additional Rewnedial Investigation/
Feasibifity Study (RI/FS)-ROD for the Quarry Residuals Operable Unit would be required to
determine the cxtent and threat of remaining contamination. Earlier characterization found
contamination in the groundwater and soils south of the quarry,

A Work Fian (Ref. 3) and a Sampling Plan (Ref. 1} for the QROU were compleied by
the DOE and approved by EPA and the Missouri Departtnent of Natural Resources (MDNR).

Asg part of the sampling plan, a surface soil sampling effort was scoped and described
for the strip of land betwesn the Katy Trail and the Fermme Osage Slongh south of the guarry.
Although most of this area has been inundated by Missouri River flooding in 1993 and 1994,
for a short time in early 1994 this arca was dry enough o allow sampling. Because the MDNR
had cxpressed concern for recreational users of the Katy Trail, the WSSRAP agreed to expedite
sampling to the cxtent possiblc.

On January 11 and 12, 1994, WSERAP personne] performed surface soil sampling, As
shown in Figurs 1-1, the area was divided into 14 sections, sach 200 ft wide and extending from
the Katy Trail to the Femme Osage Slough. Nine random samples were taken from the top 6
in. of the surface and composited for each of the 14 sections.

DOEMORZ1548467, Rev, 1 3



SURFACE SHL AMALYTICAL RESLILTS FOR THE WICIKITY PROPERTY 8 AREA oa03a4

2 INVESTIGATION RESULTS

All samples were containerized, preserved, and shipped off site for laboratory analyses
according to Weldon Spring Site Remedial Action Project (WSSRAP) procedures. Chemical
analyses wers performed by Weslon Laboratory and radiclogical analyses were performed by
Barringer Laboratory. No quality control problems were noted.  Sample S0O-1940515 is a blind
duplicate from Secticn 3.

2.1 Nitrparomatics

None of the lollowing six nitroaromatics werc detected in any of the samples:
1.3.5-Trinitrobenzene; 1,3-Dinitrobenzene; trinitrototuene {TNT}; 2,4-Dinitrotolucne (DNT);
2,6-DNT; and nitrobenzene. The highest detection limit for any of the individual compounds
was 2.530 pg/g. Results are shown in Table 2-1.

2.2 Metals

Cadmium (with a maximum detection limit [DL] = 1.3 pg/g), mercury (DL =
(.08 pg/g) and silver (DL = 1.7 pg/g) were nondetects in all samples.  Results are shown in
Table 2-2. Arscnic values ranged from 4.9 ugfg to 8.3 ppfg, barium from 170 pge/g o
246 pgfe, chromium from 11 gefe to 15,2 pglg, and lead from 14.1 pp/p to 293 pe/p.
Selenium had two detects, 0.64 pgig and 0.77 pg/g, which are near the detection limii,

2.3 Radionuclides

Table 2-3 illustrates the results of radiological analysis.

DHOE/DR 21 548-3460, Rew. 1 &4
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SURFACE SOIL AMNALYTICAL RESLILTS FOR THE WF-2 AREA 060994

3 DISCUSSION

The following resulis [rom the surface soil sampling are compared to the cleanup-values
contained in the Kecord of Decision for Remedial Action ai the Chemical Plant Area of the
Weldon Spring Site (Ref. 4} and to risk valucs contained in Appendix A of the Quarry Residuals
Work Plan (Ref. 3), as prepared by Argonne National Laboratory.

31 Nitroaromatics

Nitroaromatics were all nondetect. The detection limit for 2,4, 6-Trinitrotcluene (TN'T)
was near the 1 x 100 risk: for the two Dinitrotolienc (DNT) specics, the detection limit was
approximaitely hall ol the 1 x I3 risk. The detection limit for TNT was well below the as low
as rcasonably achievable (ALARA) level derived for the chemical plant.

3.2 Aletals

Nonc of the three metals (arsenic, chromivm, and lead) for which chemical plant surlace
ALARA goals have been derived were found in levels above or ncar their ALARA goals.
Cadmium and chromium are several orders of magnitude below their 10 risk levels. A few
of the arscnic valucs slightly exceed one-half the derived 10°% risk level,

33 Radionuclides

Uranium rcsnlts show an arca of apparent contamination in Sample Area 5. The
laboratory took a split from the original taken from Area 3, and both analyses indicated uranium
at the 30 pCi/g ALARA goal. A duplicate sample taken from Area 5 exceeds the ALARA goal
with a mcasnred value of 47 pCifg. All three lie well below the derived 1 x 108 ¥ risk level.
Sample areas 3 and 4 alse show clevated levels of uranium, but these are below 1 x 10% rigk
lewvels.

All thorium values are below chemical plamt ALARA and an order of magmitude below
the correspending 1 x 107 risk valnes.

DOLARZ LR 463, Rev, | 11




SLUAFACE S0IL AMNALYTICAL RESULTS FOR THE YP-2 AREA 1633594

Based on the cocfficient of variation and a skewness coefficient of < <1 for the radium
sample populations, the radium isotopes are normally distribated and represent natural

background levels. There appears to be no correlation between the radium concentrations and
uranium levels.

50 7
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FIGURE 3.2 Radium 228
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FA-226 ALARA
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FIGURE 3-3 Radium 226

Table 3-1 is a summary of the resulls compared to the Argonne National Laboratory

{ANL} nisk estimates and the chemical plant surface ALARA levels.

TAELE 3-1 Comparison of Results 1o Standards
Farameter # Samples Exceeding # Samplas Exceading # Samples Exceading # Samples
ALARA 107 Risk 105 Risk Exceeding 104
Hisk
] 4 Aress # Argas # Arpas 7 Areds
Arganig o] - | - 1) - o] -
Aa-226 4] - 16 All 9 1.4.8, u] -
7.a,
1212,
13,14
Ra-223 o - 15 al| 0 i
Uranium 2 § 3 5 1] " -

DORMRZ ]S48 463, Rev. 1
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SURFACE SOIL ANALYTICAL RESULTS FOR THZ VP2 AREA QEQ334

4 CONCLUSIONS

These results are preliminary and will be fully evaluated as the Remedial Investigation/
Feasibility Study (RI/FS) process is completad; bug at (his lime, there appears to be no reason
to he concerned with or 1o remediate the surface soils in this area.

Based on these results, somc of the positions planned lor the subsurlace soil borings
should be moved (o betler define the boundary of Vicinity Property-?, which corresponds o
sample Avea 5 of this surface soil sampling.

DOESORZL58-203, K. | 14
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APPENDIX A
Derivation of Risk-based Soil and Water Concentrations

{from the Work Plan For The Remedial Invesigation/Feasibiliry Study-Envivormental
Assessment For The Quarry Residuals Operable Unit At The Weldon Spring Site
DOE/OR/21548-243, datcd November 1993}

THYEQOR21548 469, Revr, t
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APPENDIX:

DERIVATION OF RISK-BASED SOIL AND WATER CONCENTRATIONS

The calculated concentratinns of radioactive and chemical contaminants in seil and
groundwater that correspond to different levels of risk and hazard quotient are presented in
this appendix. The contaminants considered are those identified in Section 3.1.2 as the
preliminary contaminanis for the quarry residuals area. The risk-based concentrations for

" those contaminants were derived on the basis of methods provided in Risk Assessment
* Guidance for Superfund, Part B, Development of Risk-Based Preliminary Remediation (7oals
(EPA 1991). These risk-based concentrations provide input to the data quality chjectives
planning process (Section 4.1) and are used to help develop the sampling plans for the qu.arry
area. The results presented in this appendix are preliminary and will be revised in the

future as the data quality objectives and sampling plans are further developed.

Al SOIL

A recreational visitor (or trespasser within the quarry proper} was identified as the
most likely receptor to the quarry residuals area under current land -use and under
hypothetical future conditions (Section 3.1). For this receptor, exposure to surface soil would
be due primarily to direct ingestion of and dermal contact with soil and to inhalation of raden
and airborne particulates derived from soil. For radiolegical contaminants, external gamma
irradiation would also be an exposure pathway. The risk-based scil concentrations are
calculated by combining the appropriate intake and risk squations for these pathways, except

| for the dermal pathway. The dermal pathway is excluded because for most compounds the

necessary parameters for caleulating the risks associated with this pathway are not available.

Concentrations of radiological contaminants in soil corresponding to specified risk
levels were calculated as follows: )
R TR

- T AL
. A+B+C+D




A

where:
¥ -7
A-38%x10" _ EF « ED x IR, x CF; x DCFy, ;
mrem
— . ;
B=8x10" BTy EF x ED x IR, x CFg x —L_ x DCFyy, ;
mrem PEF
.-T. .
c-5x1" , BT x EF x ED x DCF, ; and
mrem
-4
D=2.5x10'6xETxEFxEDxIRaxM
WLM
(term D is only included for radium-226}.
and:
TR = expess individual lifetime cancer risk {unitless)
R, = eoil concentration of radionuelide I {pCifg);
IR, = inhalation rate {msf'h};
IR, = soil ingestion rate (mgfevent};
CF, = conversion factor (10 g/mg);
CF, = conversion factor (10 gfkgy;
ET = exposure time (h/event);
EF = exposure frequency {events/yr or dfyT);
ED = exposure duration (yT);
PEF = particulaie emission factor {(4.63 x 10° m*kgy [EPA
1991]3,
DCFT - external gamma dose conversion factor for

radionuclide i [(mrem/h)(pCifg)] (see Table 4.1 of the

November 1933




As November 1993

baseline assessment {BA) for the chemical plant area
[DOE 1992]);

DCF,,, = ingestion dose conversion factor for radionuclide i {mrem/pCi}
{see Table 4.1 of the BA for the chemical plant area);
DCF,,; = inhalation dose conversion factor for radionuclide i
(mrem/pCi) (see Table 4.1 of the BA for the chemical
plant area); and
WLM = working level month.

Term D is included in Equation A.1 ta incorporate inhalation of radon-222 generated
from. radiam-226 in soil. A comprehensive discussion of the radon pathway, including
equations, is provided in Section 3 of the BA for the chemical plant area, and the risk factors

used in Equation A.1 are discussed in Section 4.1.

For chemical contaminants, the concentrations corresponding to specified risk levels

were caloulated as follows:

TR x BW x AT = CF,

C.; =
$ ~ TEF x BD) [(SF, x CFg x IR,) + (8F;; x IR, x ET x L/PEF)]

(A2

where:
C, = soil concentration u:f contaminant i {mg/kg);
CFy = conversion factor (1078 kg/mg);
CF, = conversion facter (365 d/yr);
BW = average body weight over the exposure period (kg);
AT = averaging time (yrh
5F,; = oral slope factor for contaminant i E[mgﬂxgdl‘lfl; and

SF.; = inhalation slope factor for contaminant i (fmg/kg-dl ™.
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The concentrations corresponding to specified hazard guotients were calculated as

followa:

_ THI x BW x AT x CFy
®  {EF x ED) [(VRID,; x CFy x 1Ry + (URfDy x IR, x ET x LPEF)]

where:

THI = target hazard index (unitless);

RfD, = oral reference dose for contaminant i (mg/kg-d); and

RfD,; = inhalation reference dose for contaminant 1 {mgfkg-d).

The toxicity values used in Equations A.2 and A.3 are discussed in Chapter 4 of the
BA. Because the EPA continues o develop new and revise previous toxicity values as new
informatien becomes available, the values presented in the BA were updated with
information presented in EPA’s Integrated Risk Information System (IRLS) (EPA 1983) and
. Health Effects Assessment Summary Tables (HEAST) (EPA 1992). For compounds for which
a toxicity value had been withdrawn from IRIS or HEAST subsequent to its use in the BA,

the value listed in the BA was used for the purpose of the preliminary calculations presented

in this appendix.

The assumptions and intake parameters assumed for the recreational visitor are
summarized in Table A.1. For this preliminary assessment, these values are the same as
those used for the future recreational visitor assessed in the BA for the chemical plant area,
as described in Section 3.4.2 of that document. The soil concentrations of radioactive
contaminants that correspond to different levels of risk are shown in Table A 2: those for the

chemical ¢contaminants are shown in Tables A3and Ad.

A2 GROUNDWATER

Under both current and future conditions, groundwater is not expected to represent
a complete exposure pathway. That is, no receptors have been identified because ground-

water in the alluvial aquifer in areas with elevated contaminant concentrations is not used
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TABLE A.1 Exposure Scenario Assumptions and Intake Parameters

November 1933

Current/Future
Recreational Graundwater
Parameter Variable® Visitor User

Average hody weight (kgy BW 70 70
Inhalation rate (m%Mh) IR, 2.1 b
Incidental ingestion of contaminated soil IR, 120 -
(mglevent) '
Water ingestion rate (L/d} IR,. . - 2
Exposure time (hievent) . ET 4 -
Exposure frequency (eventsfyr or dfyr) EF 20 350
Exposure duration (yr) ED 30 30
Averaging time AT

Carcinogens (¥7) 7o TG

MNoncarcinogens [y}, 30 a0

® The listed variables are used in Equations A 1 through A.6.
b A hyphen indicates that the entry is not applicable.
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:‘I‘ABLE A2 Soil and Water Concentrations
of Radionuclides Associated with Target

Risk Leveals®

Soil Concentration (pCifg)

Eelative to Risk
Radionuclide 1% 1074 1x10%  1x30°

Actinium-227 a0 a0 .50
Lead-210 240 34 3.4
Protactinium-231 190 19 1.9
Radium-226° 14 14 0.14
Radium-22B° 43 4.3 0.43
Thorium-234 4 2040 . 420 . 42
Thorium-232 BOO 80 8.0
Uranium-235 Bh0 125 8.5
Uranium-238° 2 400 340 24

Water Concentration (pCiL)
Relative to Risk

Radionuclide 1x10% 1% 10% 1 x 108
Setininm-227 0.53 0.053 0.0053
Lead-210 12 0,12 0.012
Protactinium-231 0.72 0.072 00072
Radium-226" 7.2 0.72 0.072
Radium-228° 6.2 0.62 0.062
Thonum-230 15 1.5 115
Thorium-232 28 . 0.28 0.028
Uranium-23a 32 3.2 022
TUranium-238° 16 16 .16

-

Sail concentrations were caleulated on the basiz of the

ingestion, inhalation, and external gamma pathways;
water concentrations were caleulated on the basis of
the ingestion pathway.

Radium-226 soil concentrations include the contri-

bution from inhalation of radon-222. For groundwater
concentrations, the contribution from radon as a result
of volatilization wonld be insignificant compared to
ingestion of radium-226 in drinking water.

The risk from radium-228 inciudes the contribution

from thorium-228, and the risk from uranium-238
inciudes the contribution from uranivm-234,
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TABLE A.3 Soil and Water Concentrations of Chemicals
. Agsociated with Target Risk Levels®

Seil Concentration {mgflg) Helative to Risk

Chernical® 1x 10 1 x 10 1 %107%
Matals
Arsenic 1,400 140 14
Beryllium 580 58 58
Cadmium . =500,000 »500,000 270,000
Chromium (VI} »500,000 400,000 40,000
Nickel =500,000 =500,000 =500 000
Mitroaromatic
compounds
2 4.TINT 3,700 ath a7
2 6-INT 3,700 370 37
TNT 23,000 8,300 830

Water Concentration (pg/L) Relative to Risk

Chemical® 1 x 107 1 x 107 1x 10%
Metals _ o
Arsende 4.7 0.47 0.047
Berylium 2.0 .20 0.02Q
Nitroaromatic
compounda
2,4-DNT 13 13 .13
26-DNT ' 13 1.3 .13
THWT 284 258 2.8

Beil concentrations were calculated on the basis of the ingestion
and inhalation pathways; water concentrations were calculated
on the basis of the ingestion pathway.

Listed are only those contaminants for which an oral or
inhalation slope factor is available,



A-ID

November 15993

TABLE A4 Soil and Water Concentrations of Chemicals Associated

with Target Hazard Quotients®

Soil Concentration (mgfkg) Relative to Hazard Quotient

Chemical 1 4.5 0.3 .1
Metals
Aluminum NGQ® NQ NQ NQ
Antimony 4,300 2,100 1,300 430
Arsenic 3,200 1,80 960 320
Barium =500,004) 370,000 220,000 T4, 000
Beryllium $3,000 27 000 16,000 £,300
Cadminm 11,000 5,300 3,200 1,100
Caleium NG NG NG NQ
Chromium {J1I) 410,000 200,000 120,000 41,000
Chromivum {VI} 47,000 24.000 14,000 4,700
Cobalt NG " NG NG NG
Copper 430,500 210,000 130,000 43000
Iron NG NG G KNy
Lead Wi NG NQ NG
Lithium 210,004} 110,000 64,000 21,000
Magnesinm 318} NG ML} NG
Manganese »500,000 =500,000 319,000 105,000
Mercury a.200 1.600 o860 320
Molybdenuarm 63,000 27,000 16,000 5,300
Mickel 210,000 110,000 64,000 21,000
Potassinm NG NG NG NG
Selemum 53,000 27,000 16,000 5,300
Silver 53,000 27,000 16,000 5,200
Sodium NQ NG NG NG
Thalliurn Ta0 aTn 2320 75
Uramum 32,000 16,000 g,50101 3,200
Vanadium TS, 00 37,000 22,000 7500
Zine =500, »500,00H] =500,000 J20,000
[norganic anions
Chlonde NQ NQ NG NG
Flucride =500,000 320,000 180,000 &4,000
Nitrate {as N}" 120,000 B0,000 38,00 12,000
Nitrite {as N* 7,000 2,800 2300 750
Sulfate NG NG NG NG
Nitroaromatic
compounds ]
DNE 1,100 520 326G 110
24-DNT 21,0000 11,000 5,400 21440
28-DNT 43,000 21,000 13,000 4,300
NB 5300 2,7H 1,600 530
TNE 03 aTn 160 L%
TNT 5,300 2,700 1.600 530
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TABLE A4 (Cont) - B

Water Concentration (ug/L} Relative to Hazard Quotient

Chemiczl 1 0.6 13 0.1
detals
Alumintn: NQ NG NG NG
Antimony 15 T3 4.4 15
Arzenic 11 a8 23 11
Barium 2 800 1,300 770 260
Beryllizm 1841 91 5b 15
Cadmiuim - 15 a1 5.5 1.8
Calecinm NQ NG NQ NG
Chromium {111 37,000 18,000 11,000 3,700
Chromium {¥1) 180 q1 84 18
Cobalt NG Ny NG HQ
Copper 1500 T30 440 150
Iron NG NG NG NQ
Lead NG NQ NG NG
Lithium Ta0 L1 220 73
Magnesium WQ NG K@ NG
Manganese 180 a1 55 18
Mercury 11 £& i ) 1.1
Molybdenwmn 180 91 55 18
Nickel T30 270 230 T3
Potassium NG NG NG NQ
Belenium 166 91 55 13
Silver 180 g1 55 18
Sodinm NQ NG NG NQ
Thalliam 28 13 077 026
Uraniam 110 &5 43 11
Vanadium 60 130 i 26
Zinc 11,000 5,500 3,300 1,160
Inorganic anions )
Chlaride NG NG N NG
Flugnde 2,200 1,100 . 660 220
Nitrate (as N} 10,000 5,000 8,000 1,000
Nitrite (as N/ 1,000 500 300 104
Sulfate NG NG NG NG
Mitroaromatic
campounds
DHE 3T 1.8 1.1 {137
24-DINT 73 KY) 22 72
26 DNT 150 T3 4 15
NE 158 a1 5.5 1.2
TNE 1.8 091 0.55 .18
TNT 18 9.1 5.5 18

See next page for footnotes.
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TABLE A4 (Cont.) -

Soil concentrations were calewlated on the basia of the ingestion and inhalation
pathwayz; water conventrations Ware calcutated on the basis of the ingestion
pathway.

MQ indicates not quantified because a toxicity value was not available.

Because the crtical effect associated with exposure to nitrate and nitrite is an acute
response (methemoglobinemial, the soil concentration has been derived on the basis
of a single exposure of a 15-kg child ingesting 200 mg of avil, which is averaged over
an exposure duration of one day. This results in a more conservative (lowsr)
poncentration than the value derived from the azsumptions and intake parameters in
Takle A.1.

The concentretions of 10,000 and 1,000 pg/L sorrespond to the MCla for nitrate and
nitrate (as nitrogen), derived for a 4-kg infant ingesting 0.64 L of water per day
(EPA 1903). For nitrate, an additional nncertainty factor of 10 is applied because of
the direct toxicity of this compound. These concentrations are more conservative
than those derived from the assumptions and intake parameters in Table A 1
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for residential, agricultural, or other purposes (Section 3.1). However, the concentrations -
radioactive and chemical contaminants in groundwater that correspond to different levels oi
risk and hazard quotient are estimated to help support development of the sampling plans.

For this purpose, the receptor is assumed to be an individual ingesting 2 L/d of water.

Concentrations of radiological contaminants in groundwater correspending to

specified risk levels were calculated as follows:

Roo: = TR
= 6 x 107 Al
IR, x EF x ED x DCFiy, x — _
where:
Rrwi = groundwater goncentration of contaminant i (pCi/L); and
IR,, = groundwater ingestion rate (L/d).

For chemical contaminants, the concentrations corresponding to specified risk levels

were caleulated as follows:

_ TR x BW x AT x CF, = CFs

Co =
L SF,; x IRy x EF x ED

{A.D)

where:

H

C groundwater concentration of contaminant i (pg/Ly; and

Wi
CF, = conversion faction (107 pgfmg).

The concentrations corresponding to specified Jevels of hazard quotient were

calculated as follows:

~ THI x RfD,; x BW x AT x CF; x CFg

o
£ IR, x EF x ED

(A6}

The assumptions and intake parameters used for the assessment of this pathway are
summarized in Table A.1, and the toxicity values are discussed in Section Al The
groundwater concentrations of radioactive and chemical contaminants that correspond to

_ different levels of risk and hazard index are shown in Tables A 2, A3, and A4
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